The authors used data from the Black Women's Health Study to assess the association between neighborhood urban form and physical activity. Women reported hours/week of utilitarian and exercise walking and of vigorous activity in 1995 and on biennial follow-up questionnaires through 2001. Housing density, road networks, availability of public transit, sidewalks, and parks were characterized for the residential neighborhoods of 20,354 Black Women's Health Study participants living in New York, New York; Chicago, Illinois; and Los Angeles, California. The authors quantified the associations between features of the environment and physical activity using odds ratios for !5 relative to <5 hours/week of physical activity. For all women, housing density had the strongest association with utilitarian walking (odds ratio for the most-compared with the least-dense quintile ¼ 2.72, 95% confidence interval: 2.22, 3.31), followed by availability of public transit. Women who moved during follow-up to neighborhoods of lower density were 36% more likely to decrease their levels of utilitarian walking, and those who moved to neighborhoods of higher density were 23% more likely to increase their levels of utilitarian walking, relative to women who moved to neighborhoods of similar density. These data suggest that increases in housing density may lead to increases in utilitarian walking among AfricanAmerican women.
Studies consistently show that people who live in traditional neighborhoods characterized by high densities, mixed land use, and interconnected streets walk more than people who live in suburban, automobile-oriented neighborhoods (1) (2) (3) (4) (5) . It might be inferred that policies that deter low-density development and encourage mixed land use will benefit the public health by increasing physical activity levels (5) . However, all previous studies of the built environment and walking have been cross-sectional, and associations observed may reflect selection bias, a simultaneous preference for walking and for living in dense urban neighborhoods, rather than a causal effect of urban form on walking (1) . Most previous studies have covered one city and have included relatively small numbers of subjects. The largest known to date is the Strategies for Metro Atlanta's Regional Transportation and Air Quality (SMARTRAQ) travel survey (n % 13,000) (6, 7) , but most other studies include fewer than 1,000 people. Few studies have included appreciable numbers of African-American women, who have low levels of physical activity (8) and high levels of obesity (9, 10) . To address these limitations, we used data from a large cohort study of African-American women to longitudinally assess the association between neighborhood urban form and physical activity in 3 major US cities. The present study advances the field because it is the first known longitudinal assessment of the issue. In addition, the study encompasses 3 geographic areas and includes, to our knowledge, the largest population in which the issue has been considered to date.
MATERIALS AND METHODS

The study population
The Black Women's Health Study is a prospective cohort study established in 1995, when approximately 59,000 African-American women aged 21-69 years were recruited mainly from subscribers to Essence magazine (11, 12) . The baseline questionnaire elicited information on demographic and lifestyle factors, medical and reproductive history, and dietary intake. The cohort is followed biennially by mailed questionnaire, and follow-up has averaged more than 80% of the original cohort through 5 questionnaire cycles. The study was approved by the institutional review board of Boston University, Boston, Massachusetts.
The present analysis includes Black Women's Health Study participants who lived in the geographic areas encompassed by the metropolitan planning organizations for the New York, New York; Chicago, Illinois; and Los Angeles, California, metropolitan regions. Study boundaries include areas ranging from the inner city to rural places. Follow-up for the present analysis began at baseline in 1995 and continued through 2001. The study population included Black Women's Health Study participants who reported on any of the 1995, 1997, or 1999 questionnaires that they lived in a study city and returned a survey 2 years later (1997, 1999, or 2001) . Of the 21,820 women who met the inclusion 
Ascertainment of outcomes
On all questionnaires, respondents were asked how many hours a week on average in the prior year they spent ''walking for exercise'' and in ''vigorous exercise (such as basketball, swimming, running, aerobics),'' with 7 response categories ranging from 0 to !10 hours a week. On all but the 1995 questionnaire, respondents were asked how many hours a week on average in the prior year they spent ''walking to and from church, store, school, work'' (i.e., utilitarian walking), with 7 response categories.
Individual-level covariates
Data on age, parity, smoking history, alcohol consumption, and presence of chronic disease were first obtained in 1995 and were updated in all subsequent questionnaire cycles. Marital status, prior cancer, caregiver responsibilities, and years of education were obtained at baseline in 1995. We estimated energy intake based on responses in 1995 to a 68-item Block National Cancer Institute food frequency questionnaire (13) that assessed consumption of specified foods during the previous year.
Census-block-level covariates
Participants' addresses in 1995, 1997, and 1999 were geocoded. We used factor analysis to create a score for each block group that indicated neighborhood socioeconomic status using 13 (14) .
Urban-form variables
Urban-form factors were extracted from the 2000 Census, aerial photography, road network files, and other Table continues geographic-based data by using geographic information systems. We quantified the following aspects of urban form within a 0.5-mile (1 mile ¼ 1.6 km) network buffer (i.e., a radius based on the street network) around each participant's residential location. Density and land use. Housing density (units/acre) (1 acre ¼ 0.4 hectare) was calculated from the 2000 US Census as the average of all block areas with a centroid located within each participant's buffer. Land use was described by 2 variables: percentage of the land area in residential use and percentage of the land area in nonresidential use.
Street interconnectedness. The average block size was calculated as the average of all blocks whose centroid was within the buffer. We calculated the number of intersections per square mile and the ratio of 4-way to total intersections for each buffer. (1995, 1997, 1999) , body mass index (<25, 25-29, 30-34, 35-39, !40 kg/m 2 and missing), smoking status (former, current, never), alcohol intake (past, current, never, missing), parity (0, 1, 2, 3, !4), marital status (separated/ divorced/widowed, married, single, missing), caregiver responsibilities (yes, no), years of education (<12, 12, 13-15, 16, >16, missing), number of residential moves in the last 2 years (0, 1, 2), presence of chronic disease (yes, no, missing), history of cancer at baseline (yes, no), energy intake (kilocalories/day) in quintiles and missing, hours of TV viewing per day (<1, 1-2.9, 3-4.9, !5), percentage of vacant housing units (quintiles), neighborhood socioeconomic status index (quintiles), and crime index (quintiles).
c One acre ¼ 0.4 hectare. d One mile ¼ 1.6 km.
Traffic. We used the total length per buffer of major roads (highways, arterials, and divided secondary roads) to indicate the relative safety of the walking environment in terms of barriers from traffic and infrastructure.
Availability of public transit and buses. We calculated the shortest distance from each participant's residence to a subway, train, or ferry stop. The availability of bus service was represented by length of bus routes contained within each buffer.
Presence of sidewalks and distance to parks. We superimposed road networks on aerial photographs to determine the percentage of road segments with sidewalks in each buffer. Using geographic information systems park data layers, we defined as parks polygons of at least 5 acres that were categorized as developed and maintained recreation areas.
Statistical analysis
We estimated the associations of the urban-form variables with utilitarian walking, exercise walking, and vigorous physical activity using a repeated-measures generalized estimating equation model in SAS 9.1 software (SAS Institute, Inc., Cary, North Carolina). Because correlation between block groups was negligible, it was not necessary to adjust for that level of clustering. The associations were measured with odds ratios and 95% confidence intervals for !5 hours a week relative to <5 hours a week. We chose 5 hours a week as the cutoff rather than the recommended physical activity level of 2.5 hours a week of moderate-level activity (including brisk walking) because 1) the response categories for the physical activity questions did not enable us to identify 2.5 Table continues 1110 Coogan et al.
hours a week, and 2) most walking was likely to have been at a slower pace than the recommended pace of brisk.
We categorized most urban-form variables as quintiles based on the distribution of all study areas combined in 1995. Length of major roads was categorized in 4 groups (zero and tertiles of nonzero length based on distribution in all study areas in 1995), and percentage of streets with sidewalks was categorized as a binary variable (<50%, !50%).
We ordered the urban-form variables so that the lowest category was the least urban and the highest was the most urban. All odds ratios were adjusted for age, study region, survey year, body mass index (weight in kilograms/height in meters 2 ), smoking status, alcohol intake, parity, marital status, caregiver responsibilities, years of education, number of residential moves over the follow-up period, presence of chronic disease, history of cancer at baseline, energy intake (1995, 1997, 1999) , body mass index (<25, 25-29, 30-34, 35-39, !40 and missing), smoking status (former, current, never), alcohol intake (past, current, never, missing), parity (0, 1, 2, 3, !4), marital status (separated/ divorced/widowed, married, single, missing), caregiver responsibilities (yes, no), years of education (<12, 12, 13-15, 16, >16, missing), number of residential moves in the last 2 years (0, 1, 2), presence of chronic disease (yes, no, missing), history of cancer at baseline (yes, no), energy intake (kilocalories/day) in quintiles and missing, hours of TV viewing per day (<1, 1-2.9, 3-4.9, !5), percentage of vacant housing units (quintiles), neighborhood socioeconomic status index (quintiles), and crime index (quintiles). (kilocalories/day), hours of TV viewing per day, percentage of vacant housing units in the block group, neighborhood socioeconomic status score, and crime index. Missing values were modeled as a separate category. We estimated the effect of each urban-form factor in separate multivariate models and then included all urban-form factors in a single model to estimate their independent effects. We tested for trend by including urban-form variables in the model as continuous variables. We conducted analyses stratified by study area, neighborhood socioeconomic status (quintiles), housing density (tertiles), years of education (<12, !12), and age (<45, !45 years). We assessed interaction by including cross-product terms in the models. All reported P values are 2-sided. Models were lagged such that the independent variables predicted walking and physical activity 2 years later.
We used multinomial logistic regression generalized estimating equation models in SUDAAN Statistical Software (RTI International, Research Triangle Institute, Research Triangle Park, North Carolina) to estimate the odds that a woman changed her level of utilitarian walking or exercise walking among women who moved once during the follow-up period. The 3-category outcome was 1) increased walking by at least one category of the original 7-category variable (0, <1, 1-2, 3-4, 5-6, 7-9, and !10 hours/week), 2) decreased walking by at least one category of the 7-category variable, and 3) no change in the level of walking (reference). The exposure variable was categorized as 1) increased housing density by at least one quintile, 2) decreased housing density by at least one quintile, and 3) remained in the same quintile of housing density (reference group). We considered the effect of change in neighborhood on change in walking within the same 2-year period because changes in walking behavior are likely to occur in a short period after moving to a more-or lessdense area.
RESULTS
Women in New York were younger and had completed fewer years of education than women in the other cities (Table 1) . Women were heaviest in Chicago, and women from Los Angeles were least likely to smoke. Levels of vigorous exercise and exercise walking were highest in Los Angeles, and levels of utilitarian walking were highest in New York. New York was the most dense and urban regarding most measures of urban form, and Los Angeles was the least. No urban-form variable was significantly associated with vigorous physical activity (data not shown). The remainder of this paper concerns utilitarian and exercise walking only. Table 2 shows the associations between utilitarian walking and the urban-form variables when included in the individual models and in the mutually adjusted model. Because length of major roads and the 2 measures of land use were not associated with any of the 3 outcomes (data not shown), they were not included in the mutually adjusted model. All of the urban-form variables in Table 2 , when considered individually, were significantly and positively associated with utilitarian walking. Upon mutual adjustment, housing density, bus availability, and distance to transit retained significant associations with utilitarian walking, although the trend was not significant for distance to transit. The association with housing density was strongest: the odds ratio was 2.72 (95% confidence interval (CI): 2.22, 3.31) for the highest relative to the lowest quintile.
Housing density, bus availability, and distance to transit were associated with exercise walking (Table 3) when considered individually, but the associations were considerably weaker than those for utilitarian walking. After mutual adjustment, housing density was the only significant predictor of exercise walking: the odds ratio was 1.28 (95% CI: 1.07, 1.52) for the highest relative to the lowest quintile.
To determine whether the associations of utilitarian walking with bus availability and distance to transit reflected residual correlations with housing density, we estimated odds ratios associated with quintiles of the 2 variables within tertiles of housing density ( Table 4 ). The associations between bus availability and distance to transit were more marked in the second and third tertiles of housing density than in the first (least-dense) quintile. There was evidence of statistical interaction between housing density and bus availability (P ¼ 0.025).
To assess whether the amount of sidewalk coverage influenced walking in areas of low density, we restricted the analysis to the first 2 quintiles of housing density and calculated the odds of walking !5 hours a week for women living in areas in which !80% of the street had sidewalkcoverage segments (93% of observations) compared with <50%. The odds ratios were 1.05 (95% CI: 0.84, 1.31) for utilitarian walking and 0.90 (95% CI: 0.76, 1.07) for exercising walking. In the 2 highest quintiles of housing density, there were too few observations (<0.5%) with <50% sidewalk coverage for analysis.
We calculated city-specific odds ratios for utilitarian walking using models that included housing density, distance to transit, and bus availability (Table 5 ). In each of the 3 cities, the association with housing density was stronger than associations with distance to transit or bus availability. Odds ratios were highest in New York, with significant trends for all 3 variables. In Chicago, there were significant trends for associations with housing density and distance to transit, with a weaker association and marginally significant trend for bus availability. In Los Angeles, the odds ratios for housing density and bus availability were in the same direction as in the other cities, but trends were not significant. We found no association with distance to transit.
The proportion of women who reported utilitarian walking was highest in New York and lowest in Los Angeles (Table 1) . When we accounted for all confounders in the analysis except the urban-form variables, women in Chicago were 42% less likely to walk !5 hours a week (odds ratio (OR) ¼ 0.58, 95% CI: 0.52, 0.62), and women in Los Angeles were 65% less likely to walk !5 hours a week (OR ¼ 0.36, 95% CI: 0.32, 0.40) than women in New York. Part, but not all, of this difference was explained by urban form; when all urban-form variables were included in the model, the odds ratios were attenuated to 0.83 (95% CI: 0.75, 0.94) for Chicago and 0.61 (95% CI: 0.53, 0.70) for Los Angeles.
Odds ratios for utilitarian walking and exercise walking were similar across strata of education, age, and neighborhood socioeconomic status score (data not shown). Table 6 shows the odds of increasing or decreasing the level of utilitarian and exercise walking among women who moved once within the study region during follow-up. Women who moved to less-dense neighborhoods were significantly more likely to report decreased levels of utilitarian walking (OR ¼ 1.36, 95% CI: 1.14, 1.62) compared with women who moved to neighborhoods of similar density (reference). Women who moved to more-dense neighborhoods were 23% more likely to report increased levels of utilitarian walking, although the odds ratio was not significant (OR ¼ 1.23, 95% CI: 0.98, 1.55). Women who moved to more dense neighborhoods were more likely to report increased (OR ¼ 1.26, 95% CI: 1.05, 1.52) or decreased (OR ¼ 1.31, 95% CI: 1.09, 1.56) levels of exercise walking compared with the reference group. Women who moved to less-dense neighborhoods were not more likely than the reference group to report changes in exercise walking.
DISCUSSION
In this population of African-American women, housing density was strongly related to utilitarian walking. Bus availability and distance to transit were less strongly, but significantly associated with utilitarian walking, and their influence was stronger in areas of higher housing density. Housing density was also associated with walking for exercise, but the association was much weaker than that with utilitarian walking. None of the urban-form variables studied was associated with vigorous exercise.
The associations of housing density, distance to transit, and length of bus routes with utilitarian walking were strongest in New York, with weaker associations in Chicago and weaker yet in Los Angeles. As noted, the effects of bus availability and distance to transit increased as housing density increased. Los Angeles is, on average, far less dense than New York and Chicago and may lack 2 and missing), smoking status (former, current, never), alcohol intake (past, current, never, missing), parity (0, 1, 2, 3, !4), marital status (separated/divorced/widowed, married, single, missing), caregiver responsibilities (yes, no), years of education (<12, 12, 13-15, 16, >16, missing), number of residential moves in the last 2 years (0, 1, 2), presence of chronic disease (yes, no, missing), history of cancer at baseline (yes, no), energy intake (kilocalories/day) in quintiles and missing, hours of TV viewing per day (<1, 1-2.9, 3-4.9, !5), percentage of vacant housing units (quintiles), neighborhood socioeconomic status index (quintiles), and crime index (quintiles).
Urban Form and Physical Activity 1113 (1995, 1997, 1999) , body mass index (<25, 25-29, 30-34, 35-39 , !40 kg/m 2 and missing), smoking status (former, current, never), alcohol intake (past, current, never, missing), parity (0, 1, 2, 3, !4), marital status (separated/divorced/widowed, married, single, missing), caregiver responsibilities (yes, no), years of education (<12, 12, 13-15, 16, >16, missing), number of residential moves in the last 2 years (0, 1, 2), presence of chronic disease (yes, no, missing), history of cancer at baseline (yes, no), energy intake (kilocalories/day) in quintiles and missing, hours of TV viewing per day (<1, 1-2.9, 3-4.9, !5), percentage of vacant housing units (quintiles), neighborhood socioeconomic status index (quintiles), and crime index (quintiles).
the housing density necessary for bus and transit availability to exert an influence on walking. There was a similar finding in the SMARTRAQ study, in which intersection density was related to walking in only the highest tertile of housing density (15) . That study was conducted in Atlanta, Georgia, which is also a low-density city. Urban form only partly explained the difference in associations among the cities. Region-specific cultural attitudes toward walking, automobiles, and public transit are likely to differ, and these differences may have contributed to the different effects of density and transit availability on walking in the 3 regions.
Our findings agree with those of previous geographic information systems-based cross-sectional studies, which have consistently shown that residents of dense, traditional neighborhoods report higher levels of utilitarian walking than do residents of automobile-oriented suburban neighborhoods (1) (2) (3) (4) (5) (6) (16) (17) (18) (19) (20) . The most consistently reported observations have been positive associations between utilitarian walking and measures of density (19, (21) (22) (23) (24) (25) (26) , street interconnectedness (21, 22, 24, 27) , public transit accessibility (19, 28, 29) , and mixed land use (6, 23, 30) and inverse associations with proximity to retail and other attractive destinations (22-24, 28, 30-33) . Data are less consistent for the presence and condition of sidewalks (19, 28, 34) and accessibility of parks (19, 28, 33, 35) . Our finding of a stronger association between urban form and utilitarian walking than with exercise walking is also consistent with previous findings (5) .
Ours is the first study of objectively measured urban form and physical activity in a large cohort of African-American women. The SMARTRAQ survey published sex-and racespecific results: street connectivity, land use mix, and residential density were directly associated with distance walked (as reported in a 2-day travel diary) among 2,240 black women, although the associations were statistically significant for only the first 2 variables (7). Another study found no association between neighborhood walkability and 3-month adherence to a walking intervention program among 253 black women (36) . Seven other studies have been conducted among African Americans (37) but used self-reported perceptions of neighborhood characteristics as the exposures and are not comparable with our data.
To our knowledge, our study is unique in having estimated changes in walking among women who moved to neighborhoods of higher or lower density. We found that women who moved to neighborhoods of lower housing density were more likely to decrease their level of utilitarian walking than women who moved to neighborhoods of a similar housing density. Conversely, women who moved to neighborhoods of higher density were more likely to increase their level of utilitarian walking, although this result was not statistically significant. The analysis of movers precluded selection bias because women served as their own controls.
Major strengths of the present study were its large size, conferring statistical power; geographic scope, allowing comparisons among 3 regions; and focus on African-American women, who have been understudied with respect to the influence of urban form on physical activity. We were able to control for a wide range of individual-and neighborhood-level factors that might confound associations with urban form. The major challenge was to describe the urban form of each participant's neighborhood with detail adequate to capture urban form for the 9,850 square miles included in the study. We used information available from centralized sources such as Census Tiger files (digital geographic databases) and aerial photography. We lacked data available only from field survey or self-report, such as neighborhood aesthetics and sidewalk conditions. Our land use measure was relatively crude because it was the common denominator available for all areas. This is a limitation because other studies have shown that specific destinations within walking distance may be key factors influencing walking behavior (22-24, 28, 30-33) . In general, the methods we used to characterize urban form were the best available that were also feasible given the size of the study areas and the different ways that data were maintained in the 3 areas. Our measurement of physical activity had limitations; we ascertained exercise and walking as an average of activity over the past year and did not obtain frequency or intensity of activity. Misclassification, if random, would have tended to dilute associations. We used a model that accounted for correlation between observations across time but not for correlations at the level of a 0.5-mile buffer or the block group because there was little overlap between the 0.5-mile buffers, and the intraclass correlation coefficients at the block group level were negligible. In a sensitivity analysis, we estimated the effects of the urban-form variables on utilitarian walking while adjusting for clustering at the block group level, and results did not change.
In conclusion, our data suggest that dense neighborhoods with accessible public transportation promote utilitarian walking and that increases in housing density may lead to increases in utilitarian walking. The Centers for Disease Control and Prevention recommends that adults engage in 2.5 hours of moderate-intensity aerobic activity per week and suggest that they do so by walking, since it is aerobic, is associated with a low injury rate, and can be accomplished in many settings (38) . Dense neighborhoods may allow people to reach recommended levels of walking in the course of accomplishing daily activities.
